Aging is a paradox of reduced immunity and chronic inflammation. Dendritic cells are central orchestrators of the immune response with a key role in the generation of immunity and maintenance of tolerance. The functions of DCs are compromised with age. There is no major effect on the numbers and phenotype of DC subsets in aged subjects; nevertheless, their capacity to phagocytose antigens and migrate is impaired with age. There is aberrant cytokine secretion by various DC subsets with CDCs secreting increased basal level of pro-inflammatory cytokines but the response on stimulation to foreign antigens is decreased. In contrast, the response to self-antigens is increased suggesting erosion of peripheral self tolerance. PDC subset also secretes reduced IFN-␣ in response to viruses. The capacity of DCs to prime T cell responses is also affected. Aging thus has a profound affect on DC functions. Present review summarizes the effect of advancing age on DC functions in humans in the context of both immunity and tolerance.
Introduction
DCs are potent antigen-presenting cells that possess the unique capacity to stimulate naïve T cells and induce not only T cell immunity (Inaba et al., 1990; Banchereau and Steinman, 1998; Cella et al., 1997; Banchereau et al., 2000; Ueno et al., 2010 ) but also T cell tolerance (Steinman et al., 2000; Hawiger et al., 2001; Steinman and Nussenzweig, 2002; Steinman et al., 2003; Coquerelle and Moser, 2010) . Uptake and ingestion of apoptotic cells by DCs is considered to be one of the major mechanisms employed by DCs in inducing peripheral self tolerance (Steinman et al., 2000; Hawiger et al., 2001; Steinman et al., 2003; Coquerelle and Moser, 2010) . Under steady state conditions immature dendritic cells continuously sample the self-antigens from apoptotic cells in the periphery, leading to T cell tolerance. The term "immature dendritic cell" signifies that it is not yet a fully functional antigen-presenting cell. This state of dendritic cells is characterized by high phagocytic capacity and low levels of expression of major histocompatibility complex (MHC) and costimulatory molecules such as CD80, 86 etc. The presentation of antigen by an immature dendritic cell causes tolerance because of lack of costimulation. However, upon stimulation with microbial products, inflammatory cytokines or CD40 ligation, DCs start to mature and migrate to the draining lymph nodes. Maturation of DCs is associated with phenotypic changes, including down regulation of phagocytic capacity, upregulation of costimulatory molecules, MHC and secretion of cytokines, transforming them into fully functional antigen-presenting cells (APC) capable of priming naïve T cells.
DCs detect and respond to pathogens through the expression of pattern recognition receptors (PRRs) (Manicassamy and Pulendran, 2009; Takeuchi and Akira, 2010; Iwasaki and Medzhitov, 2010) . PRRs can recognize conserved molecular components or patterns of the pathogens. Examples of PRRs include Toll-like receptors, RIG-I like receptors, and Nod-like receptors (Manicassamy and Pulendran, 2009; Takeuchi and Akira, 2010) . In addition to these, a new class of PRRs, the C-type lectin receptor family, has also emerged as a major sensor of pathogens. C-type lectins recognize carbohydrate moieties on bacteria and fungi (Brown and Gordon, 2001; Reid et al., 2009; Goodridge et al., 2009; Geijtenbeek and Gringhuis, 2009 ). Exposure of DCs to ligands of all these PRRs results in production of cytokines that modulate the type of T cell response and functions (Manicassamy and Pulendran, 2009; Zhou et al., 2009; Iwasaki and Medzhitov, 2010) . For example, IL12p70 secretion by DCs polarizes the Th cell response towards IFN-␥ secreting, Th1 cells (Kapsenberg, 2003) , while the production of IL-23 along with IL-1␤ from DCs leads to the generation of Th17 cells (Wilson et al., 2007; Acosta-Rodriguez et al., 2007) . IL-10 secretion by DCs on the other hand can lead to a Th2 type of T cells, particularly in mice (Agrawal et al., 2006) . IL-10 secretion along with low costimulation can also result in the induction of Treg (Zhou et al., 2009 ). More recently it has been observed that IL-12p70 secretion by DCs also induces the generation of IL-21 secreting T follicular helper cells (Tfh) which can prime B cell antibody responses (Schmitt et al., 2009 ). DCs at mucosal surfaces such as in the lung and gut display several immunoregulatory features and secrete predominantly IL-10 (Lambrecht and Hammad, 2009; Strober, 2009; Grainger et al., 2010) , because DCs in the mucosa
